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Structural Characteristics and Dependency Relationship Evolution of the International

Trade Network for Rare Earth Permanent Magnet Manufactured Products

BIAN Lu"?, SUN Yuping', ZHANG Jiangpeng'~

(1. School of Economics and Management, Inner Mongolia University of Science and Technology, Baotou 014000, China;

2. Yellow River Jiziwan High-Quality Development Research Institute, Baotou 014010, China)

Abstract; Rare earth permanent magnet (REPM) manufactured products are core components of strategic industries,

and their global trade patterns and dependencies strongly affect energy transitions and technological competitiveness.

Global REPM production is concentrated; trade relations are asymmetric; and geopolitical risks increase supply chain

uncertainty. Revealing the structure and dependency evolution of international REPM trade network is therefore

important for China’s supply chain security, industrial layout, and trade policy. Using UN Comtrade data and focusing

on key end-use products incorporating high-performance REPM materials, this study builds an international REPM

manufactured products trade network from 2012 to 2024. It first applies complex network analysis to characterize the

network’s evolution and shifts in node status through macro-level topology and micro-level centrality. It then uses the

Louvain algorithm to identify cohesive subgroups, revealing trade bloc restructuring and bloc formation. Finally, it

constructs a trade dependence index to analyze inter-country dependence patterns in terms of intensity, topology, and

key relationship pairs. The results show that network connectivity and efficiency improved notably, with density rising

from 0. 222 to 0.311, average path length falling to 1. 882, and relatively high clustering, indicating *small-world”

features. Node influence has become more multipolar. Germany remains a core hub; China’s degree centrality first rose

then declined but remains high, though its intermediary capacity is weak; France, Italy and Brazil become new key

intermediaries in 2024 ; Thailand’s influence rises, while U. S. direct connectivity weakens. The meso-level structure

shifts from efficiency-first to security-first, evolving from geographic clustering to geopolitically oriented blocs, with a

China-centered global south subgroup coexisting with a U. S. -Europe-led developed-country subgroup. Dependence

shows stronger moderate ties, high dependence rising then falling, and shrinking low dependence. Core ties shift from

resource-market complementarity to industrial-chain synergy among major manufacturers, with marked regionalization.

It is recommended that a strategy of hub strengthening and corridor diversification be implemented to ensure smooth and

secure supply chains, that embedded collaboration and standard leadership be promoted to deeply integrate into and

shape high-end industrial chains, that South-South cooperation be deepened and third-pole markets be expanded to

build a more balanced trade pattern, that breakthroughs in core technologies and brand development be pursued to

consolidate the position of core network nodes, and that supply chain risk monitoring and multilateral consultation

mechanisms be established and improved to actively participate in global governance.

Key words: trade network; rare earth manufactured products; dependency relationships; network analysis
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Fig. 1 Trade network of rare earth permanent magnet manufactured products
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Table 4 Top 20 intermediary centrality
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